Introduction
Hypertension and atherosclerosis are major factors in the etiology of ischemic heart disease and cerebrovascular disease -the 2 leading causes of death worldwide -and are important in the development of kidney dysfunction, congestive heart failure, and angina (1, 2) . Considerable epidemiological evidence suggests that high blood pressure (BP) may have a direct role in enhancing atherosclerotic lesion formation (3) . Atherosclerosis is 3 times more common in patients with hypertension, and there is a positive, although not linear, correlation between BP and atherosclerosis (4) . In addition, atheroma formation occurs in muscular arteries but not in lower-pressure veins, and hypertension promotes lesion formation in the presence of hypercholesterolemia (3) . Clinically, many antihypertensive drugs are effective in reducing morbidity and mortality from atherosclerotically mediated cardiovascular events (5, 6) . Despite this body of evidence, the effect of hypertension on atherosclerosis has been difficult to study in humans because of confounding variables and the complexity of the genetics underlying each condition. Animal studies have been equally hindered by the lack of appropriate models with simultaneous genetic predispositions for atherosclerosis and hypertension (3) . This report describes such a model generated by breeding mice that spontaneously develop atherosclerosis due to apo E deficiency (Apoe -/-or ee mice) with mice that are hypertensive due to lack of the endothelial nitric oxide synthase gene (eNOS -/-or nn mice).
eNOS serves important basal regulatory functions in the vasculature. In response to stimuli such as shear stress or acetylcholine, eNOS catalyzes the production of nitric oxide (NO) from L-arginine. The NO diffuses across the endothelial cell membrane into neighboring smooth muscle cells and induces vasodilation. NO also acts locally to prevent platelet and leukocyte aggregation and inhibits vascular smooth muscle cell proliferation (7) . Direct evidence that eNOS mutations can cause hypertension has been presented by Shesely et al. (8) and Huang et al. (9) , who showed that mice lacking eNOS have increased BP, decreased heart rate, and increased plasma renin activity, but no atherosclerosis (8) . Although linkage between genetic polymorphisms in the eNOS gene and essential hypertension has not been conclusively documented in humans (10) , there is substantial evidence that NO pathways are disrupted in both hypertension and atherosclerosis (11, 12) .
Hypertension and atherosclerosis are each important causes of morbidity and mortality in the developed world. We have investigated the interaction between these conditions by breeding mice that are atherosclerotic due to lack of apolipoprotein (apo) E with mice that are hypertensive due to lack of endothelial nitric oxide synthase (eNOS). The doubly deficient mice (nnee) have higher blood pressure (BP) and increased atherosclerotic lesion size but no change in plasma lipoprotein profiles compared with normotensive but atherosclerotic (NNee) mice. The nnee mice also develop kidney damage, evidenced by increased plasma creatinine, decreased kidney weight/body weight ratio, and glomerular lipid deposition and calcification. Enalapril treatment abolishes the deleterious effects of eNOS deficiency on BP, atherosclerosis, and kidney dysfunction in nnee mice. In striking contrast, a genetic lack of inducible NOS, which does not affect BP, has no effect on the development of atherosclerotic lesions in Apoe -/-mice. We also observed a positive relationship between BP and size of atherosclerotic lesions. These results suggest that the atherogenic effects of eNOS deficiency can be partially explained by an increase in BP and reemphasize the importance of controlling hypertension in preventing atherosclerosis.
Apo E is an amphipathic protein that plays a pivotal role in lipoprotein trafficking by both stabilizing and solubilizing lipoprotein particles. Apo E, as a constituent of chylomicrons, VLDL, IDL, and HDL acts as a ligand for the receptor-mediated clearance of these particles (13) . Apoe -/-mice are normotensive (14) but have 4-5 times normal plasma cholesterol levels and develop atherosclerotic lesions spontaneously even when fed a regular, low-cholesterol diet (15) .
Here we demonstrate that mice lacking both eNOS and apo E (nnee mice) have significantly increased BP, develop larger plaques, and have more severe kidney damage than do apo E-deficient mice with intact eNOS function (NNee mice). These deleterious effects caused by the genetic loss of eNOS are partially relieved by pharmacological inhibition of NOS with L-NAME. The effects are fully ameliorated by treatment with the angiotensin-converting enzyme (ACE) inhibitor enalapril. A significant, positive relationship between lesion size and BP was observed regardless of the method used to change BP (genetic, L-NAME, or enalapril). Finally, we demonstrate that inactivating the inducible NOS (iNOS) gene, which abolishes the induction of NO synthesis in macrophages but does not alter BP, does not affect atherosclerosis in Apoe -/-mice fed a normal chow diet. These experiments demonstrate a direct relationship between the eNOS system and atherosclerosis that can be partially explained by an increase in BP.
Methods
Mouse experiments were carried out under protocols approved by the Institutional Animal Care and Use Committee.
Generation of nnee and NNee mice. eNOS -/-(nnEE) (8) and Apoe -/-(NNee) (15) mice, backcrossed at least 6 times to C57BL6/J mice, were bred to yield mice heterozygous at both loci (NnEe). These double heterozygotes were crossed with NNee mice to yield eNOS +/-Apoe -/-mice (Nnee), which were intercrossed to yield mice that were Apoe -/-(ee) and wild type (NN), heterozygous (Nn), or homozygous (nn) at the eNOS locus. Most of the animals used in these experiments were offspring of a second intercross between NNee or nnee mice. Apoe -/-mice and iNOS -/-mice (16) were crossed in the same scheme as above to generate animals that were wild type, heterozygous, or homozygous for the lack of iNOS (IIee, Iiee, and iiee, respectively).
Apoe -/-male mice used in the L-NAME experiments were backcrossed at least 6 times to C57BL6/J mice and have since been maintained in our colony for more than 4 years.
L-NAME and enalapril treatment. L-NAME (0.1 g/L) and enalapril (0.12 g/L; Sigma-Aldrich, St. Louis, Missouri, USA) were dissolved in water and added directly to the drinking water of the animals (which was changed at least weekly). Treatment was started at 8 weeks of age and was continued until sacrifice 8 weeks later.
Systolic BP analysis. BP was measured noninvasively using a tail-cuff method on conscious, restrained mice as described (14) , when the animals were between 3 months and 4 months of age. All BPs were calculated as the average of 5-10 sessions per day for 6 consecutive days of measurements.
Atherosclerotic lesion analysis. All animals were sacrificed at 4 months of age, and the vascular tree was perfused with 4% paraformaldehyde under physiological pressures. Segments of the aortic sinus were embedded, sectioned, and stained as described previously (17); 4 sections chosen by strict anatomical criteria were used for morphological evaluation. The average of the lesion sizes of the 4 sections was taken as the average lesion size for each animal. Lesions were scored by a person who did not know the genotypes of the animals. Degrees of fibrous caps and microaneurysms were scored on a scale of 1 to 5 using sections of the sinus area. To evaluate plaque formation in other parts of the aorta, the aortic tree was dissected free of surrounding tissue. Plaques visible under a dissection microscope were counted in individual animals.
Blood and urine chemical analysis. Total cholesterol, HDL, and triglyceride measurements were performed using standard colorimetric tests (Sigma-Aldrich) on plasma from animals that had been fasted for 4 hours. Plasma creatinine and urinary protein analyses were measured using a VT250 Clinical Chemical analyzer (Johnson & Johnson, Rochester, New York, USA) at the University of North Carolina Animal Clinical Core Facility. Plasma glucose was determined by a glucose Trinder test (Sigma-Aldrich). The amount of lipid peroxide-modified proteins in plasma was determined by ELISA using a polyclonal antibody that specifically recognizes lipid peroxide-modified proteins as described (18) .
Histology. The percentage of calcified glomeruli was determined by counting 100 glomeruli from sections stained with hematoxylin and eosin. Similar techniques were used on Sudan IVB-stained sections to evaluate glomerular lipid deposition.
Plasma lipoprotein analysis. One hundred microliters of pooled plasma from either NNee or nnee (n = 10) mice was fractionated using a superose 6 HR10/30 column (Amersham Pharmacia Biotech, Piscataway, New Jersey, USA) (17) . Total cholesterol and triglyceride were determined for each fraction (0.5 mL) as described for plasma.
Statistical analysis. Data were analyzed using the JMP software package (SAS Institute Inc., Cary, North Carolina, USA). All data are presented as mean ± SE.
Results

nnee animals have higher BP and develop larger atherosclerotic lesions than do NNee mice.
The mean systolic BP of NNee mice was not different from that of wild-type mice by tail-cuff assessment, but the nnee mice had a mean BP that was 20 mmHg higher than that of NNee mice (P < 0.0001; Figure 1a ). This increase is comparable to that originally seen in nnEE mice (8) . nnee mice have a 10% lower heart rate than NNee mice (614 ± 35, n = 14, vs. 683 ± 24, n = 22). There was no difference in BP or heart rate between sexes.
When the atherosclerotic plaques in the proximal aorta of animals were measured at 4 months of age, the lesions in the nnee mice were significantly larger than those in NNee controls (Figure 2 ). The mean size of lesions in the proximal aorta of nnee males was 182% of that in NNee males; the mean lesion size in nnee females was 165% of the mean lesion size in the proximal aorta of NNee females (P < 0.0001 for males and P < 0.002 for females; Figure 2 , a and b). The effect of eNOS genotype (P < 0.0001) and the previously described effects of sex on atherosclerotic plaque size in Apoe -/-animals (P < 0.0001) were significant by two-way ANOVA. There was no interaction between sex and genotype (P = 0.75).
Additionally, we found that nnee mice had alterations in the distribution of atherosclerotic lesions: 90% of 4-month-old male nnee mice had 1 or more atherosclerotic plaques in the descending thoracic aorta that were readily visible under a dissection microscope, compared with 20% of NNee males (P < 0.03). Histologically, plaques in the proximal aortic area of nnee male mice were larger and more advanced; well-formed fibrous caps were twice as frequent in nnee male mice ( Figure  3a ) as in NNee male mice (not shown). In addition, microaneurysmal dilatations were seen in approximately 20% of the nnee mice (Figure 3a) , and some of the small coronary vessels were affected (Figure 3b ). Aneurysmal breaks of aortic walls were often found associated with large plaques in the descending aorta, with the plaque material contained by adventitial tissues (Figure 3c ). These features are uncommon in male NNee mice of the same age (17) .
We next examined whether the effects of eNOS deletion can be replicated by the pharmacological inhibition of NOS with L-NAME in male Nnee mice. Oral treatment of 2-month-old NNee males (n = 9) with L-NAME (0.1 g/L drinking water, equivalent to approximately 20 mg/kg per day) for 8 weeks resulted in a significant increase in BP (100 mmHg to 113 mmHg; P < 0.02). These mice also showed a trend toward increased lesion size (126% of that of nontreated mice), although this increase did not reach significance (P = 0.26; data not shown). Thus, a pharmacologically induced decrease in NO increases BP and may have an effect on the development of atherosclerosis in apo E-deficient mice.
Treatment of nnee mice with enalapril reduces both BP and lesion size. To test whether treatment with an antihypertensive drug could decrease the enhanced atherosclerosis in nnee mice, 2-month-old NNee mice and nnee mice were treated with the ACE inhibitor enalapril (0.12 g/L, ∼30 mg/kg per day) in their drinking water for 8 weeks; this dose of enalapril has been shown to lower the BP of mice (14) . The enalapril treatment caused a significant decrease in the BP of nnee animals (mean pressure decreased from 125 mmHg to 109 mmHg, a level similar to that in NNee animals; P < 0.001) (Figure 1b ). There was no difference between sexes in the BP of mice treated with enalapril.
Enalapril treatment also caused a significant decrease in the lesion size of both male (52% decrease; P < 0.02) and female (64% decrease; P = 0.05) nnee mice to a level similar to that in NNee animals (see below) ( Figure 2, a  and b) . ANOVA analysis in nnee animals confirmed the significant effect of sex (P < 0.0001) and of drug treatment (P < 0.005) on lesion size in Apoe -/-mice, but there was no interaction between sex and drug. The distribution and histological characteristics of plaques in nnee mice treated with enalapril were not different from those in NNee mice.
In comparable experiments with NNee mice, enalapril had no effect on either BP or atherosclerotic lesion size. ANOVA analysis showed a significant effect of sex on lesion size (P < 0.01), but the effect of drug treatment was not significant (P = 0.47; Figure 2, a and b) .
Relationship between BP and lesion size. To investigate the overall relationship between BP and lesion size, we combined the data from all 4-month-old animals (n = 88) in which both BP and lesion size were measured; thus NNee and nnee animals, treated and nontreated with enalapril or with L-NAME are represented in the analysis. Figure 4 compares the resulting distribution of atherosclerotic lesion size with the distribution of BP. As shown in the figure, there is a significant positive correlation between BP and lesion size in both females (P < 0.01; n = 36) and males (P < 0.02; n = 52). When each variable (genetic, L-NAME, or enalapril) is considered separately, the correlation remains positive. Thus, there is a significant relationship between BP and lesion size that is valid regardless of which of the 3 methods was used to induce BP changes.
Levels of plasma lipids, glucose, and oxidized plasma proteins did not differ between nnee and NNee mice.
Because elevated levels of plasma lipids and glucose can cause enhanced atherosclerosis, we measured total cholesterol, HDL, triglycerides, and blood glucose, and found no differences between the NNee and nnee animals (data not shown). Fast performance liquid chromatography also revealed no differences in lipoprotein profiles of NNee and nnee animals ( Figure 5 ). Likewise, because it has been hypothesized that NO, as a free-radical scavenger, may play a role in determining the oxidation state of the vessel wall and of plasma lipoproteins (19), we examined the levels of lipid peroxide-modified plasma proteins using ELISA (OD 405 nm). There was no detectable difference in the levels of these proteins between NNee and nnee animals (0.64 ± 0.12 OD units, n = 9 vs. 0.70 ± 0.10 OD units, n = 9, respectively) (18). Nor did enalapril treatment affect the levels of plasma lipids or oxidized plasma proteins (data not shown).
Lack of iNOS does not affect lesion development in apo E-deficient mice.
eNOS is a member of a family of enzymes that produce NO. Another member of this family, iNOS, is present mainly in macrophages and neutrophils, and produces NO in response to cytokine or endotoxin stimulation (11) . Atherosclerotic lesions have been shown to contain iNOS, but its role in plaque development is unclear (20) . To investigate the involvement of iNOS in atherosclerotic lesion development, we generated apo E-deficient mice that were wild type, heterozygous, or homozygous with respect to disruption of the iNOS gene (IIee, Iiee, or iiee, respectively). No effect of iNOS genotype on lesion development was seen in either female or
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The male Apoe -/-animals when they were maintained on a normal chow diet ( Figure 6 ). Note that mice deficient for iNOS are normotensive (21) . nnee animals have decreased kidney weight/body weight ratios, impaired renal function, increased glomerular lipid deposition, and dystrophic calcification. Both hypertension and atherosclerosis often contribute to kidney damage. We found that the ratio of kidney weight to body weight in nnee mice is 15% lower than that of NNee mice (0.70 ± 0.02, n = 19 vs. 0.80 ± 0.03, n = 8; P < 0.005) (Figure 7) . The plasma creatinine levels of the double-knockout mice were 66% higher than in NNee mice (0.25 ± 0.03 mg/dL, n = 23 vs. 0.15 ± 0.01 mg/dL, n = 21; P < 0.002), but there was no difference in the level of total urinary protein between the groups. Histologically, about 5% of the glomeruli in NNee kidneys had small lipid deposits, mostly limited to extraglomerular mesangial cells. In contrast, about 3 times more glomeruli (15%) in the nnee kidneys contained large lipid deposits in foam cells that filled the glomeruli, rather than being limited to mesangial cells (Figure 3d ). In the nnee mice, the atherosclerotic glomerular injury progressed from fatty deposits to dystrophic calcification (3%), with eventual glomerular loss (Figure 3e ). No such glomerular alterations were seen in kidneys of the NNee mice. Although the smaller kidney weight suggests the possibility of ischemia, no ischemic changes were seen in nnee mice, and no occlusion or narrowing of blood vessels was evident in either nnee or NNee kidneys.
Chronic inhibition of NOS in NNee animals with L-NAME treatment also produced signs of kidney dysfunction. L-NAME treatment increased plasma creatinine (0.25 ± 0.03 mg/dL, n = 9 vs. 0.15 ± 0.01 mg/dL, n = 21; P < 0.001), although it did not lead to glomerular calcification, and there was no difference in lipid-containing glomeruli.
Enalapril treatment abrogates kidney damage in nnee mice. Enalapril treatment reduced the kidney damage in nnee animals. The decreased kidney weight/body weight ratios seen in the nnee animals were restored to normal levels (0.70 ± 0.02, n = 19, untreated vs. 0.79 ± 0.02, n = 19, treated; P < 0.005) (Figure 7) . Histologically, the enalapril-treated nnee mice had half as many lipid-containing glomeruli (8% vs. 15%) (Figure 3f ) and twothirds less glomerular calcification (1% vs. 3%) compared with untreated nnee mice. Plasma creatinine levels (0.11 ± 0.01 mg/dL, n = 11) were less than half of those seen in untreated nnee mice (0.25 ± 0.03 mg/dL, n = 23; P < 0.0001), and were similar to those of NNee control mice. The kidney weight/body weight ratios of NNee animals were unchanged after enalapril treatment (0.77 ± 0.03, n = 11).
Kidneys from mice lacking eNOS but wild type for apo E (nnEE) had no evidence of glomerular calcification or lipid-containing glomeruli. The level of plasma creatinine in the nnEE mice was similar to that in NNee mice (0.10 ± 0.00 mg/dL, n = 4 vs. 0.15 ± 0.01 mg/dL, n = 21), even though the nnEE mice had elevated BP similar to nnee mice. Thus, both elevated BP and a disturbance in lipid metabolism are necessary for the development of the observed kidney abnormalities.
Discussion
We used a genetic approach to study the interaction between hypertension and atherosclerosis. Lack of eNOS increases BP, enhances atherosclerotic lesion size, and causes greater renal damage in Apoe -/-mice than in eNOS +/+ Apoe -/-mice. These deleterious effects are completely abolished by treatment with an ACE inhibitor, enalapril. There is a direct and significant positive correlation between BP and the severity of atherosclerosis in animals; the relationship is seen regardless of the method used to change BP (genetic, L-NAME, or enalapril).
Previous studies in mice have also shown correlations between BP and atherosclerosis (22, 23) . Rheologic mechanisms can explain the observed relationship between BP and lesion size. For example, increases in BP lead to increased turbulence and stagnation of lipoprotein particles, and increased arterial wall stretch (24, 25) , both of which are major determinants of the localization of atherosclerotic lesions (26) (27) (28) . Addi-
Figure 4
Atherosclerotic lesion size on a log scale expressed as a function of BP in female (left) and male (right) 4-month-old mice. Genotype and drug treatments are as indicated. There is a significant relationship between BP and lesion size in both female (P < 0.01) and male (P < 0.02) mice, independent of how BP was altered (by genotype, treatment, or a combination of the two). n = 36 for females and n = 52 for males. Enal, enalapril. tionally, the decreased heart rate of nnee mice predisposes them to a considerable increase in pulse pressure, which can be expected to increase turbulent flow and stretch, thereby acting as an atherogenic stimulus.
Besides the effects on BP and heart rate, the eNOS system is potentially antiatherogenic through many other mechanisms. For example, a direct role for NO in decreasing vascular smooth muscle cell proliferation after a remodeling stimulus has been described in eNOS -/-mice (29) . In addition, NO inhibition of platelet aggregation and monocyte adherence to the vessel wall are potentially antiatherogenic (7, 11) , and antioxidant functions of NO may prevent proatherogenic changes in lipoproteins (19) . Many of the local functions of NO counterbalance proatherogenic effects of angiotensin II, which mediates vasoconstriction, smooth muscle cell migration and proliferation, and monocyte adhesion. It is important to note that eNOS-deficient mice have increased plasma renin activity (8) , and probably also have increased production of angiotensin II.
Although we and others saw no statistically significant decrease in either the BP or lesion size of NNee mice treated with enalapril (20 mg/kg per day) or with losartan (30 mg/kg per day; ref. 23) , others have reported that 3 months of treatment with captopril (50 mg/kg per day) or losartan (25 mg/kg per day) decreases the atherosclerotic lesion size of Apoe -/-mice by 70% and 80%, respectively (30, 31); BP was not measured in these experiments. A reduction of in vitro oxidizability of lipoproteins in animals treated with captopril and losartan has been described (31, 32) .
Clinical benefits of ACE inhibitors on atherosclerosis seen in humans (6, 33, 34) or in animal models (35) do not always correlate with BP decreases (36) . These observations have led to the hypothesis that ACE inhibition protects the vasculature from atheroma development by locally decreasing tissue production of angiotensin II (34) , thereby enhancing NO bioavailability (34, 37) . Our present results showing that ACE inhibition is effective in the absence of NO production by endothelial cells suggest that the observed beneficial effect of enalapril does not depend on NO. The direct correlation between BP and the severity of atherosclerosis that we see when BP is altered by 3 different means, combined with the fact that enalapril did not significantly decrease the BP or lesion size of normotensive NNee animals in our experiments, suggests that at least part of the beneficial effect of enalapril is directly due to decreased BP. Furthermore, other antihypertensive drugs, including β-adrenergic blockers and calcium antagonists that do not act through the renin-angiotensin system, are also antiatherogenic in both humans and cholesterol-fed animal models (6, (38) (39) (40) . Testing these drugs on nnee mice will be informative in distinguishing whether the mechanism of NO protection against atherosclerosis is due to its local effects or to its systemic effects on BP.
The atherosclerotic effects of the genetic lack of eNOS were only partly mimicked by inhibition of NOS with L-NAME, in agreement with results reported previously (41). L-NAME at the dose we used (0.1 g/L) might have abolished the production of NO only partially, because the BP increase in our L-NAME-treated NNee mice was about 65% of the difference between untreated nnee mice and untreated NNee mice. Nevertheless, because L-NAME inhibits all 3 forms of NOS, inhibition of NO production by the other synthases must be considered. For example, the observation of increased iNOS levels in atherosclerotic plaques (42) has led to the hypothesis that NO produced by iNOS in macrophages and neutrophils may contribute to
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Figure 7
Ratios of kidney weight to body weight in 4-month-old NNee mice and nnee mice treated (+) and untreated (-) with enalapril in drinking water (0.12 g/L) for 2 months. The nnee mice show a significant decrease in the kidney weight/body weight ratio compared with NNee control mice (*P < 0.01). This decrease is abolished by enalapril treatment (**P < 0.002, nnee untreated compared with nnee treated). Error bars represent SE.
Figure 6
Effect of iNOS deficiency on the size of atherosclerotic plaques. There is no significant difference in the atherosclerotic lesion size between iNOS +/+ Apoe -/-(IIee) mice and iNOS -/-Apoe -/-(iiee) mice on normal chow. Error bars represent SE.
plaque development; any proatherogenic effects of L-NAME through eNOS inhibition could therefore be masked by concomitant antiatherogenic effects through iNOS inhibition. However, our genetic experiment, in which absence of iNOS had no effect on lesion size, makes it unlikely that iNOS plays any significant role in the atherogenesis of Apoe -/-mice. Both hypertension and hyperlipidemia contribute to renal dysfunction (43) . Chronic NOS inhibition with L-NAME in rats has been shown to cause both hypertension and kidney damage (44, 45) , both preventable by simultaneous treatment with losartan or nifedipinedrugs with very different modes of action (45, 46) . This suggests that the damage is mediated by increased BP. Atherosclerosis can also lead to renal dysfunction (47) and glomerular lipid deposition (48) . However, neither hypertension nor atherosclerosis alone can account for the phenotype we see in the nnee mice. In hypertensive, but not atherosclerotic nnEE mice, we saw no glomerular lipid deposition, no glomerular calcification, and no increase in plasma creatinine. Untreated atherosclerotic (but normotensive) NNee mice likewise have normal plasma creatinine and very little kidney pathology. Yet when the 2 genetic defects are combined in the nnee mice, the kidney damage is severe, suggesting that eNOS deficiency and atherosclerosis mutually enhance end-organ damage.
The pathologic transition from lipid deposition to dystrophic calcification observed in the glomeruli of the nnee mice has not been described previously to our knowledge, and provides direct evidence that hyperlipidemia induces glomerular injury. In humans, glomerular foam cells are very uncommon (48, 49) . Interestingly, in a case report of a hypertensive woman with apo E deficiency, the kidneys were atrophic and contained lipid-filled mesangial foam cells in the glomeruli (49) . Conceivably, the decreased kidney weight and the increase in plasma creatinine in untreated nnee mice could result from generalized ischemia (50) , but no such changes were histologically evident.
The fact that enalapril abrogates the kidney damage seen in nnee animals is important but not surprising (51, 52) . It is possible that renal damage contributes to enhancement of aortic atherosclerosis in nnee mice, and that some of the beneficial effects of enalapril on atheroma development are the result of improved renal function.
In conclusion, our genetically defined mouse model lends insight into the complex relationship between the eNOS system and atherosclerosis, and reaffirms the "response to injury" hypothesis of atherogenesis described by Ross (53) . In our model, eNOS deficiency and plasma lipid dysfunction caused by lack of apo E generate an environment particularly favorable for atheroma formation and end-organ damage (3, 53) . Lack of iNOS does not affect lesion size, but treatment with enalapril interrupts the cycle of atheroma formation and kidney damage. Our demonstration of a linear relationship between lesion size and BP reemphasizes the importance of controlling hypertension in preventing atherosclerotic disease.
